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Zorrón Cheng Tao Pu L et al . RCT on MS vs NICE can be daunting. Especially with serrated lesions. The Modified Sano's (MS) classification, the first classification that included sessile serrated adenoma/polyps was developed in 2013. In this randomised controlled trial we compare the accuracies of the well-established narrow band imaging international colorectal endoscopic classification and the MS classification. Although both classifications have met the ASGE PIVI statement thresholds for predicting histology in diminutive rectosigmoid polyps and post-polypectomy surveillance, MS was statistically more accurate.
INTRODUCTION
The majority of colorectal polyps are small and benign [1] . Current practice mandates biopsies or removal and pathological interpretation to confirm the diagnosis. With technological advancement in the endoscopy imaging field, the adoption of strategies such as "diagnose, resect and discard" for proximal polyps and "do not resect" for rectosigmoid hyperplastic polyps (HPs) has become possible [2, 3] . Apart from being cost-effective and perhaps time-efficient, these strategies could potentially reduce the risks of complications associated with polypectomy [4] . For larger lesions, advanced imaging modalities may have a role especially if required to differentiate early cancers confined to the intramucosal layer or infiltrating more than 1000 µm into the submucosa [5] [6] [7] [8] . In vivo prediction of colorectal lesions is hence of utmost importance.
Numerous technologies including iScan, flexible spectral imaging colour enhancement (FICE) and narrow band imaging (NBI) have been available to assist in interrogating the surface pattern and microvascular architecture of colorectal polyps. A systematic review comparing standard white light endoscopy, chromoendoscopy and NBI with or without magnification concluded that magnified chromoendoscopy and NBI were the two most accurate modalities in predicting polyp histology [9] . Several studies have demonstrated that NBI is equivalent to chromoendoscopy in distinguishing neoplastic and non-neoplastic colonic polyps. A recent meta-analysis involving 28 studies reported high accuracy with NBI in diagnosing colorectal polyps based on an area under the hierarchical summary receiver-operating characteristic (HSROC) curve of 0.92 [10] . Additionally, when high confidence predictions are made, the sensitivity (Sn) and negative predictive value (NPV) exceeded 90%. Sessile serrated adenoma/polyp (SSA/P) was not considered Table 1 Narrow band imaging international colorectal endoscopic classification of colorectal polyps was based on 3 features  including colour, vessel, architecture and surface pattern separately in these studies [10] [11] [12] [13] . Differentiation of polyps can also be made using NBI with magnified endoscopy (NBI-ME) utilizing various classifications including the Sano's classification, modified Sano's (MS) classification, NBI international colorectal endoscopic (NICE), Hiroshima, Showa, Workgroup serrAted Polyps and Polyposis (WASP), JNET and Jikei classifications and 1 published classification for FICE with magnified endoscopy (FICE-ME) [5, 11, [14] [15] [16] [17] . Many of these classifications have been validated in various studies. There are however no comparative data to date on the diagnostic accuracy of these different classifications. Recently the new WASP classification has emerged which included the differentiation of SSA/Ps from HP, but with inconsistent results [18] . The Sano's classification was modified to include a classification for SSA/P in 2013 [19] . As the original Sano's classification was solely based on capillary pattern, the surface pattern was incorporated in the MS classification, in order to improve its diagnostic capability. The MS classification is defined in accordance with the colour, capillary network surrounding the pit pattern and surface pattern evaluated under magnification. By contrast, the NICE classification of colorectal polyps is based on 3 features including colour, vessel architecture and surface pattern evaluated not necessarily under magnification ( Figure 1 and Table 1 , respectively). Both the NICE and MS have been found to be independently valid tools for predicting polyp histology according to the American Society for Gastrointestinal Endoscopy (ASGE) Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI) statement [5, 6, 19, 20] . The ASGE's PIVI statement [20] regarding colonic polyps has advised thresholds for endoscopic imaging, namely: (1) an endoscopic technology (when used with high confidence) should provide > 90% agreement in determining post-polypectomy surveillance intervals; and (2) the technology (when used with high confidence) should provide > 90% NPV for adenomatous histology for rectosigmoid polyps. This was introduced to further guide endoscopists using new technologies into achieving measurable outcomes and aiding the incorporation of novel technologies into clinical practice.
There are no randomised trials comparing MS and NICE classifications. The aim of this study is to compare the accuracy of NBI with dual focus (DF) magnification in differentiating colorectal polyps using the NICE and the MS classifications. The NPV for neoplastic prediction (cancer, adenomas and SSA/Ps) within diminutive rectosigmoid polyps and the post-polypectomy surveillance intervals for each classification (based on the ASGE PIVI statement thresholds) was also evaluated.
MATERIALS AND METHODS

Study design
This study was approved by the Australian Human Research Ethics Committee (TQEH/LMH/MH) and is registered on clinicaltrials.gov (No. NCT02963207). Written informed consent was obtained from each patient prior to colonoscopy. Data were collected at the site of investigation by a research nurse and analysed by a study statistician. Only the endoscopist knew which arm of the trial the patient was on during the endoscopic diagnosis of the lesion. Neither the patient nor the pathologist was aware of the classification used on the lesion.
Randomisation
A concealed container containing 2 cards which randomised the participants to either MS or NICE classifications arm was used. Each week, a research nurse randomly selected a card from the concealed container. This generated allocation was then conveyed to the endoscopist.
Study population
All patients undergoing colonoscopy for any indication at the Lyell McEwin Hospital endoscopy unit were evaluated for eligibility by the researchers. Patients were recruited from June 2013 onwards. Inclusion criteria were age of 18 years or older with endoscopic findings of colonic polyps (of any size). Key exclusion criteria included known history of inflammatory bowel disease, familial polyposis syndrome, coagulopathy, thrombocytopenia, incomplete procedure due to poor bowel preparation or acute angles, current pregnancy and no polyps detected during the procedure.
All colonoscopies were performed by a senior endoscopist with a high level of expertise using the 190 series with DF capability (Exera Ⅲ NBI system; Olympus Co. Ltd, Japan). This processor allows the NBI image to be enhanced by 150%. The DF function enables magnification of up to 70×. Both are push button techniques and image enhancement with magnification occurs within 1-2 s.
Endoscopic imaging and classification of polyps
The patients whom had colonic polyps had their polyps assessed in real-time with NBI-DF. DF was used in both groups to standardize the evaluation. The endoscopist studied the lesion carefully at least for one minute. The size of the polyp was estimated by the endoscopist based on the size of the cap (outer diameter of 15 mm) and/or size of the snare/forceps. The polyp was initially examined in white light, then NBI, followed by magnification. Image acquisition was further enhanced with a distal cap attachment to the scope (short transparent cap from Olympus ® -D-201, approximately 4 mm from distal end). Efforts were made to obtain a crisp clear still image with water pump and simeticone when needed (no dyes used). Histology in real-time of individual polyps was then predicted using either the NICE or the MS classification, with a confidence level (low/high). The endoscopist scored each polyp found and the final endoscopic diagnosis was recorded by the research nurse who was present in the endoscopy suite. A clinical judgement was deemed as high in confidence when the endoscopist found a polyp with clear features of one subtype, as described in the classifications shown in Figure 1 and 1 If no open pits and 2 serrated features = classified as low confidence for SSA/P; if 1 serrated feature = low confidence for HP; if no features = high confidence for HP.
2 Can have slight loss of pit pattern and vascularity when leaning towards superficial cancer.MS: Modified Sano's; HP: hyperplastic polyp; SSA/P: Sessile serrated adenoma/polyp.
All polyps were photographed and stored for future reference. No video recording was done. This was followed by biopsies and surgical resection in cases of predicted invasive cancer, or endoscopic resection to the remaining lesions. The histopathology was evaluated initially by a non-gastrointestinal (non-GI) specialist pathologist due to personnel limitations. However, if the diagnosis was uncertain the slides were forwarded to a specialist GI pathologist. The pathologists were blinded to the classification used and the prediction of the polyp by the endoscopist. The endoscopy diagnosies was then compared to the final histopathological diagnosis.
Study endpoints
The primary endpoint of the study was to prospectively evaluate the Sn, specificity (Sp), positive predictive value (PPV) and NPV of neoplastic (cancer, adenoma or SSA/P) vs non-neoplastic (HP, inflammatory) polyps based on either classification (MS Ⅱ, Ⅱo, Ⅲa and Ⅲb vs MS Ⅰ or NICE 2, 3 vs NICE 1).
In addition, we assessed the concept of "suitability of endoscopic resection" of these polyps (MS Ⅱ, Ⅱ o, Ⅲa vs MS Ⅰ, Ⅲb or NICE 2 vs NICE 1, 3) and the diagnostic accuracy of SSA/Ps by the MS classification. To assess the ability of the NICE and MS classifications to match the PIVI-1 thresholds, high confidence NBI predictions of polyp histology were given an endoscopybased surveillance interval. This was then compared with the recommended interval based on histologic assessment. For this calculation, polyps histologically classified as SSA/Ps but classified as NICE 1 or MS Ⅰ were excluded. This was thought to mitigate bias as NICE has no separate SSA/P classification. As for the PIVI-2 thresholds, we calculated the negative predictive value (NPV) of high confidence NBI predictions for adenomatous histology of diminutive polyps using histology as a reference.
Statistical analysis
The sample size was calculated based on number of polyps. The primary aim was to test the performance of NBI diagnosis for polyp differentiation. Thus, it was estimated that a total sample size of 560 polyps would be required to have an 80% power with an alpha error of 0.05 to appreciate an increment of 7% in the prediction of histology with the MS classification.
Statistical analysis was performed by using statistical software, Stata 13.0 (StatCorp, TX, United States). Continuous variables are reported as either a mean ± SD or median and range. Means were reported unless the data were nonparametric. The Student's t test was used to analyse continuous variables, and a Pearson χ 2 analysis was used for categorical variables. Statistical significance was set at a 2-sided P value of 0.05 or less. The analysis applied to the classifications was in regards to the polyps, while the analysis for post-polypectomy surveillance was based on patients.
RESULTS
A total of 348 patients were included from June 2013 until June 2015 (Figure 2) . The trial was terminated as we have reached the stipulated sample size. Both groups had similar demographics ( Table 2 ). The total number of polyps predicted with high confidence in the MS classification was 309 out of 321 (96.3%). This was significantly higher in proportion as compared to that in the NICE arm (254 out of 326 polyps or 78% -as shown in Table 3 ). Characteristics of the polyps were not significantly different between both arms except for the mean size of polyps which was larger for the NICE arm ( Table 3) .
Primary endpoint
The Sn, Sp, PPV and NPV in differentiating neoplastic from non-neoplastic polyps were 98.9%, 85.7%, 98.2% 
Secondary endpoints
The Sn, Sp, PPV and NPV in predicting 'endoscopic resectability' were 98.9%, 86.1%, 97.8% and 92.5% for MS and 98.6%, 66.7%, 94.7% and 88.9% for NICE respectively. The MS group had an AUC of 0.92 (95%CI: 0.87-0.98), whereas NICE had an AUC of 0.83 (95%CI: 0.75, 0.90). There was also a statistically significant difference between the AUC values (P = 0.0420) ( Figure   3B ).
The accuracy for diagnosis of SSA/P with high confidence using Ⅱo on MS classification was 93.2%, and differentiation of SSA/P from other lesions achieved 87.2% of Sp, 91.5% of Sn, 89.6% of PPV and 98.6% of NPV ( Table 4) .
Classification of polyps according to size is shown in Table 3 . Of the high confidence polyps in the MS arm, 150 (48.5%) were diminutive (5 mm or less), 60 (19.5%) were small (6-9 mm) and 99 (32%) were large (≥ 10 mm). In the NICE arm, there were 254 polyps detected with high confidence which included 127 (50%) diminutive, 42 (16.5%) small and 85 (33.5%) large polyps.
The NPV for diminutive rectosigmoid polyps were 96.6% and 95% in MS and NICE arms respectively. The 190 (61) 156 (61) 2a 81 (26) 71 (28) 2b 4 (1) 1 (1) 2c 5 (2) 6 (2) 3 1 (1) In the MS arm, there were 20 out 309 (6.4%) high confidence polyps' inaccuracies. Misdiagnoses which were made were as follows: MS Ⅰ (3 SSA's and 1 normal mucosa), MS Ⅱ (3 normal mucosa, 1 inflammatory polyp, 1 traditional serrated adenoma, 4 tubular adenoma with high grade dysplasia, 1 tubulovillous adenoma with low grade dysplasia and 1 villous adenoma with high grade dysplasia), MS Ⅱo (2 tubular adenoma with low grade dysplasia and 1 HP) and MS Ⅲ a (1 tubular adenoma with low grade dysplasia and 1 villous adenoma with invasive carcinoma).
In the NICE arm, there were 18 out of 254 (7.1%) inaccuracies in high confidence polyps -NICE Ⅰ (1 normal mucosa, 2 tubular adenomas with low grade dysplasia), NICE Ⅱ (5 normal mucosa, 5 HPs, 1 inflammatory polyp, 1 focal colitis cystica profunda, 1 cancer) and NICE Ⅲ (1 tubulovillous adenoma with high grade dysplasia).
These resulted in 10 overcalled and 5 undercalled cases on the in vivo prediction for post-polypectomy surveillance interval (Table 5) .
DISCUSSION
NBI is one of the most easily available and commonly used image-enhanced endoscopic modality. There are many NBI classifications for colorectal lesions, but only two thus far have included SSA/P separately (WASP and MS). The WASP classification was derived from NICE aiming to differentiate HP from SSA/P [18] . The classification does not address the differentiation of adenoma and invasive cancer. A simple, comprehensive and reliable classification is pivotal in clinical practice.
Hewett et al [4] has initially shown NICE subtypes 1 and 2 using non-magnified NBI. The accuracy, Sn and NPV for small colorectal polyps were 89%, 98% and 95%, respectively. The study did not include SSA/Ps. In this study, the MS classification has been proven to be more effective in differentiating neoplastic colorectal polyps (i.e., cancer or adenoma or SSA/P) from non-neoplastic polyps (i.e., inflammatory or HP) when compared to the NICE classification. This is probably attributed to the former's design which has a sub-division for SSA/Ps. This subdivision may have given the MS classification an upper-hand over the NICE classification as some of the HP misdiagnosed by the NICE were in fact SSA/Ps. In this study, both NBI classifications were able to meet the PIVI benchmarks as the post-polypectomy surveillance prediction accuracy and NPV for diminutive rectosigmoid polyps exceeded 90% in the two study arms. These findings are compatible with the results of the previous meta-analysis of 20 studies on NBI with and without magnification. The pooled NPV found was 91% for adenomatous histology [21] . SSA/Ps have been recognized as precancerous lesions and they account for up to one third of all sporadic colorectal cancers [22] . They may have been misdiagnosed due to the challenges both endoscopists and pathologists faced in distinguishing them from HPs for the past years.
Several investigators sought to discriminate SSA/ Ps from HPs via NBI (without magnification) based on several specific endoscopic features with varying results [23] [24] [25] [26] . A recently published prospective study by Yamashina et al [27] reported very high sensitivity (98%) but only modest Sp 59.5% for diagnostic criteria of SSA/ Ps through identification of "expanded crypt openings" and "thick branched vessels" on magnified NBI. The WASP classification was not used for comparison in this study as it was only recently published and not available when our study began [18] . Similarly, although the JNET is currently being considered a gold standard in regard to polyp classification (excluding SSA/Ps), this had not been published by the time the study started.
The clinical use of real-time histology is already used in standard practice to evaluate "suitability for resection". This means that if a lesion is endoscopically considered to be an invasive cancer or if it is predicted to be benign (e.g., distal diminutive HPs), endoscopic resection will not be attempted. Moreover, further benefits of endoscopic diagnosis may add to this "suitability for resection". Two cost-analysis studies have proven the "diagnose, resect and discard" technique is cost-effective for diminutive polyps [28, 29] . There are nevertheless several issues for consideration. For this technique to be adopted globally there should be a standard NBI classification that is easy for inexperienced endoscopists to learn and apply. There is potential risk for litigation if the endoscopists' histology prediction is inaccurate and with a possibility of patients developing advanced pathology during the inter-surveillance period. In addition, the risk of bleeding and perforation associated with polypectomy may be increased if the endoscopist 'overcalled' any lesion. The MS classification could step in to allow these techniques with the more accurate up-to-date endoscopic diagnosis classification. This study has limitations. All procedures were performed by a single expert. This may not be generalizable. Although other studies within our centre have validated the usefulness of the MS classification compared to NICE and JNET [30] , studies utilizing the MS classification must be performed in other endoscopy centres by experts and non-experts to evaluate its reproducibility. The group randomization process used (per week instead of per patient) was not conventional and could have contributed to uneven distribution among both arms. However, this was not translated in demographic differences ( Table 2 ). The reason for doing so was to mitigate possible confusion on which classification should be used for each patient and in order to allow a consistent mental focus on one classification at a time.
In conclusion, this study demonstrated that the MS classification was superior in differentiating nonneoplastic from neoplastic polyps and more accurately guided the endoscopic resection when compared to the NICE classification. MS is also accurate for predicting SSA/P histology, a subtype neglected by NICE. Nevertheless, both classifications met PIVI thresholds in managing diminutive polyps and determining postpolypectomy surveillance period.
ARTICLE HIGHLIGHTS
Research background
Prediction of polyp histology may prevent unnecessary polypectomies and reduce cost.
Research motivation
The endoscopic differentiation of benign and malignant polyps is sometimes difficult, especially when looking into serrated lesions. Very few endoscopic classifications include the differentiation of sessile serrated lesions [e.g., modified Sano's (MS)]. These have not being widely used partially due to lack of reliable comparison with the currently used classifications [e.g., narrow band imaging international colorectal endoscopic (NICE)]. The comparison of established classifications with a classification including serrated polyps' differentiation in a randomised trial could help to support the use of the newer and more comprehensive classifications.
Research objectives
The main objective of this randomised controlled trial is to compare the established adenoma vs non-adenoma NICE classification and the newer neoplastic vs non-neoplastic MS classification.
Research methods
This was a single centre randomised controlled trial (pathologist blinded) comparing the NICE classification with the MS classification for the endoscopic prediction of histology of colorectal lesions during colonoscopy.
Research results
MS classification had significantly higher proportion of high confidence diagnoses compared to NICE. Overall, the MS area under the receiver operating characteristic curve (AUC) was 0.92 and NICE AUC was 0.78 (P = 0.0165). For predicting "endoscopic resectability", MS AUC was also 0.92 and NICE AUC was 0.83 (P = 0.0420). The accuracy for diagnosis of SSA/P by MS classification was 93.2%. The NPV for diminutive rectosigmoid polyps were 96.6% and 95% in MS and NICE arms respectively. The calculated accuracy of post-polypectomy surveillance was 98.2% for MS and 92.1% for NICE. Utilizing MS, 6.4% of high confidence polyps were misdiagnosed. Utilizing NICE, 7.1% were misdiagnosed.
Research conclusions
The MS classification has shown to be accurate in diagnosing colorectal lesions including sessile serrated adenoma/polyp. Both classifications surpassed the ASGE PIVI thresholds. MS classification may currently be the most accurate and comprehensive endoscopic classification for differentiation of colorectal polyps.
Research perspectives
The use of classifications that incorporate the differentiation of serrated polyps such as the MS classification may be necessary. These should become the standard for adequate characterization of colorectal lesions. Nonetheless validation in different centres is required.
